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Introduction
J/ψ production in p+p at RHIC
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Phys. Rev. D56 (1997) 7341

http://arxiv.org/abs/hep-ph/9706541


Introduction
Excited states feed-down fraction of  J/ψ
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Charmonium

• Except for 𝐽/𝜓's, excited charmonium
states are also generated in RHIC p+p
collisions

• 𝜒𝑐 feed-down forms a sizable portion
• Phys. Rev. D 85, 092004 (2012)

• 𝜓′ overlaps 𝐽/𝜓

• Fortunately:

𝐴𝐿𝐿
𝐽/𝜓

≈ 𝐴𝐿𝐿
𝜒𝑐 ≈ 𝐴𝐿𝐿

𝜓′
∝
Δ𝑔(𝑥1)

𝑔(𝑥1)

Δ𝑔(𝑥2)

𝑔(𝑥2)



Introduction
2014 DSSV Global Fit
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Phys. Rev. Lett. 113, 012001 (2014)
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• Including 2009 RHIC data sets, the 2014 DSSV global fit suggests non zero polarization of 
gluons in the proton at intermediate x range (0.05~1).

• Yet at low x range, the errors of DSSV are still poorly constrained

http://arxiv.org/abs/1404.4293


Introduction
x range of 𝑔𝑔 → 𝐽/𝜓 → 𝜇+𝜇− at forward rapidity

Benefits of Forward Rapidity
• At forward rapidity the x distributions of 

the two gluons are at very different region

• Instead of probing ~ Δ𝑔/𝑔 2 we are 

probing 
Δ𝑔(𝑥1)

𝑔(𝑥1)

Δ𝑔(𝑥2)

𝑔(𝑥2)

• High-x gluon sits in the x-range where RHIC 
Run9 data already has constraints on the 
Δ𝑔

• Therefore, this forward 𝐽/𝜓 → 𝜇+𝜇− 𝐴𝐿𝐿
gives sensitivity to possible sign change in 
Δ𝑔 and cleanly accesses down to 𝑥 ~ 2 ×
10−3
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from Pythia simulation

𝑔𝑔 → 𝐽/𝜓 + 𝑋 → 𝜇+𝜇− + 𝑋 @ 𝑓𝑜𝑟𝑤𝑎𝑟𝑑 𝑟𝑎𝑝𝑖𝑑𝑖𝑡𝑦
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𝜇+

𝜇−



• Vertex selection: |BBC_Z|<30 cm

• common PHENIX muon tracks quality cuts 
including:

• from same arm 

• track matching between muon tracker and identifier

• penetrating muon candidates cuts

• etc.

• RPC timing cut are applied to guarantee 𝐽/𝜓's  
are from the right bunch crossing

Event and track selection
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𝐼𝑛𝑣.𝑚𝑎𝑠𝑠 𝑜𝑓 𝜇+𝜇−

𝜇+𝜇− inv. mass spectrum after event and 𝜇 track selection

sideband region is used to estimate background asymmetry

𝜌, 𝜔, 𝜙

𝐽/𝜓, 𝜓′



Sideband region

𝐽/𝜓 𝐴𝐿𝐿
measurement procedure

𝐴𝐿𝐿 =
𝜎++ − 𝜎+−

𝜎++ + 𝜎+−
=

1

𝑃𝐵𝑃𝑌

𝑁++ − 𝑅 𝑁+−

𝑁++ + 𝑅𝑁+−
, (𝑅 =

𝐿++

𝐿+−
)

Outline

• Analyze south and north arm separately, and divide 
data from each arm into 3 𝑝𝑇 bins. So 6 subsets 
total.

• Fit each subsets for 2𝜎 J/ψ mass window and 
background fraction "r".

• CB shape for  J/ψ, Gaussian for ψ'

• Gaussian Process Regression (GPR) for background shape

• Sideband region is defined as 𝑀𝜇𝜇 ∈ [1.5𝐺𝑒𝑉, 2.5𝐺𝑒𝑉]

• Calculate 𝐴𝐿𝐿
𝑖𝑛𝑐𝑙. in the 2𝜎 J/ψ mass window

• Estimate the background asymmetry from a sideband

𝐴𝐿𝐿
𝐽/𝜓

=
𝐴𝐿𝐿
𝑖𝑛𝑐𝑙. − 𝑟 ∗ 𝐴𝐿𝐿

𝐵𝐾𝐺.

1 − 𝑟

statistical uncertainty: Δ𝐴𝐿𝐿
𝐽/𝜓

=
(Δ𝐴𝐿𝐿

𝑖𝑛𝑐𝑙.)2+𝑟2∗(Δ𝐴𝐿𝐿
𝐵𝐾𝐺.)2

1−𝑟
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Gaussian Process Regression (GPR) background 
fraction extraction:
1 of the 6 subsets: north arm, 𝑝𝑇 ∈ [0,2𝐺𝑒𝑉/𝑐],
and 𝑟2𝜎 = 0.293 ± 0.003 for this subset

𝐼𝑛𝑣.𝑚𝑎𝑠𝑠 𝑜𝑓 𝜇+𝜇−



𝐽/𝜓 𝐴𝐿𝐿 @ forward rapidity
recent results
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𝑝𝑝 → 𝐽/𝜓 + X → 𝜇+ + 𝜇− + 𝑋
@ 𝑠 = 200𝐺𝑒𝑉

𝑝𝑝 → 𝐽/𝜓 + X → 𝜇+ + 𝜇− + 𝑋
@ 𝑠 = 510𝐺𝑒𝑉



Summary & outlook

• The 𝐽/𝜓 𝐴𝐿𝐿 measurements at forward rapidity provide access to the small-x region (~10-3) 
where the gluon polarization is poorly constrained

• With the large statistics longitudinal p+p data collected at RHIC in 2013, we measured 

𝐴𝐿𝐿
𝐽/𝜓

at forward rapidity with smaller uncertainty compared with similar prior RHIC 
measurements

• We encourage theory community to incorporate this data in future NLO fits.
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Backup slides
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𝐽/𝜓 𝐴𝐿𝐿 result for North and South Muon arm separately
result based on 2013 RHIC 500GeV p+p run data set



bunch shuffling
The fact that the normalized RMS 
close to 1, indicates that all other 
non correlated bunch-to-bunch 
and fill-to-fill systematic errors 
are much smaller than the 
statistical errors.
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Ground and excited state charmonium production in p+p
collisions at √s=200 GeV
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Phys. Rev. D 85, 092004 (2012)
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Systematics Uncertainty from run clustering
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background fraction "r"

The extraction of "r" has been done using several methods: GPR for the 
background, simulation driven, and the old fashion polynomial.

At the end, we took the GPR method as the central value and the difference as 
one systematic error.

showing different fitting methods
Showing one arm, one pT bin fitting 

for the Final result
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Systematics Uncertainty from background fraction extraction
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background Asymmetry 𝐴𝐿𝐿
𝐵𝐾𝐺. Estimation

• We try to justify there is no obvious mass dependence of the asymmetry of the side 
band beyond the stat. err. can tell. So as we already assigned relatively large stat. err. 
to the background asymmetry, we ignored the sys. err. from this estimation method.

• AN1194 Figure 9: 
• showing the side-band asymmetry for different mass window



if use this very conservative sys. err. 
from side band estimation method:
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Recent Results
Global Fit: DSSV++
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Outlook:
• Large uncertainties remain in both the shape and integral of ∆g(x)
• Unconstrained in the low x range where currently no data is available
• Improvements forthcoming from ALL measurements at 510 GeV and 
forward rapidity


